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ABSTRACT : 

A collagen material comprising a laminate of a multilayer structure of an ultrafine fibrous nonwoven 
fabric of collagen sandwiched between nonf ibrillated collagen layers; a filamentous material comprising 
the collagen material; a process for producing the same; and a medical material comprising the collagen 
material, particularly a medical film substitute comprising the medical material. These materials are 
produced from collagen without using synthetic polymer material, have such a property as to permit 
suturing while maintaining the biochemical characteristics inherent in collagen. Further, the medical 
film substitute can be used as a material for making up for a defective portion of a biological membrane, 
such as a dura mater, heart sac, pleura, peritoneum, or chorion, poses no moral problem, can be stably 
supplied, have no fear of infection, causes no denaturation of cells, can control the degradation rate 
after application to the organism, and can promote the regeneration of a biological membrane. 
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Technical field 

The present invention pertains to collagen materials comprising laminates wherein a 
multi-layered structure of ultra-fine fibrous nonwoven collagen fabric is sandwiched between 
non-fibrillated collagen layers, filamentous material comprising said collagen material, methods 
for their production, as well as medical materials comprising said collagen material, particularly 
medical film substitutes comprising said medical material. 

Prior art 

Of the various materials used as medical materials, because collagen derived from 
animals has superior physiological affinity and histocompatibility, the antigenicity is low, has 
host cell differentiation / proliferation-promoting effects and hemostatic effects, and is 
completely degraded and absorbed in the body, it have particularly good characteristics as matter 
for medical materials. Presently, for animal-derived collagens, Types I - XIX have been 
discovered. Of these, collagen Types I - V are used in diverse methods as medical materials. Of 
these, collagen Type I that is useful as an extracellular matrix is used most often. These collagens 
are extracted and purified from the connective tissue of various organs such as skin, bone, 
cartilage, tendons and viscera of animals such as cows, pigs, birds and kangaroos by acid 
solubilization, alkaline solubilization, neutral solubilization, enzyme solubilization, etc. At the 
molecular level, extracted collagens used in the past have been degraded to monomer - oligomer 
sizes and stored in powder form or liquid form. Because these extracted collagens are degraded 
to monomer - oligomer size, they become sols very quickly when they come in contact with 
water. For this reason, when these collagens are formed as medical materials and used, they are 
used by coating on the surface of synthetic polymer materials such as nylon or silicone to give a 
certain amount of strength during processing or extracted collagen moldings are used by 
applying chemical cross-linking treatments, using cross-linking agents or physical cross-linking 
treatments using radiation, electron beams, ultraviolet rays or heat so that they maintain their 
shape for a certain period of time when applied in the body. These extracted collagens are also 
processed in thread form and used for thread-based medical treatments. For this spinning, wet 
spinning methods are used. 

However, in the case of materials wherein collagen was combined with synthetic polymer 
materials, the synthetic polymer materials remained in the body as foreign bodies and tended to 
cause problems such as granulation formation and inflammation. Moreover, such materials could 

[Editor's note: numbers in the right margin represent pagination in the original foreign language text.] 



not be used in all cells or organs. Furthermore, because properties of the collagen materials, 
especially tear strength, did not increase significantly even when cross-linking treatments were 
performed on the collagen materials, it was impossible to manufacture these into medical 
materials that required suturing. And, if cross-linking agents such as glutaraldehyde or epoxy 
were used, not only did the toxicity to the body of the cross-linking agent itself become a 
problem but there also was the drawback that biochemical characteristics intrinsic to collagen, 
particularly the cell proliferation-promoting effects, were lost. With physical cross-linking 
treatments, the cross-linking rate was unstable and it was not possible to confer satisfactory 
properties. It also was difficult to cross-link so that control of the rate of absorption in the body 
was possible. Meanwhile, because spun collagen also did not have satisfactory strength, it was 
unsatisfactory as suture thread. 

Meanwhile, when closing surgical wounds in the performance of surgery on brain or 
various organs due to various diseases or trauma, it is necessary to suture and close dura mater, 
pericardium, pleura, peritoneum or chorion. Shortened portions arise due to the suture seam or 
the surgical wound cannot be completely closed because the membrane has been partially 
excised and defects frequently occur in the membrane. If such defects are left alone, organs such 
as brain, heart, lung or intestine herniate from the membrane defects causing serious problems or 
water or air leaks out from the organ or from around the organ and the surgical wound does not 
heal. Moreover, because the organs undergo adhesion to surrounding tissues, tissues are 
damaged and favorable prognoses are not obtained. For this reason, in the past, as medical 
membrane substitutes that could be used as a filler for these defects, lyophilized human dura 
mater harvested from cadavers or porous, drawn polytetrafluoroethylene film materials (EPTFE) 
(tissue gortex, registered trademark), polypropylene mesh, Teflon sheets, Dacron sheets, etc. 
have been used. At present, copolymers of lactic acid with e-caprolactone (50:50) are being 
developed. Methods using autologous fascia lata and autologous pericardium, skin or muscle 
continue to be used. 

However, the use of human dura mater not only has the difficulty that there is a danger of 
it causing adhesions between the filled human dura mater and the cerebral parenchymal tissue 
and inducing post-surgical seizures, but there are ethical issues such as harvesting from human 
cadavers and the problem that the supply is very limited. Furthermore, recently, the occurrence 
of Creutzfeldt- Jakob Disease (CJD) in patients in whom dura mater had been transplanted has 
been reported (Noshinkei Geka, 21 (2): 167 - 170, 1993). In Japan, human dura mater is not 
being used. It is known that EPTFE materials, etc. frequently cause post-surgical complications; 
for example, because they are not degraded in the body and remain as foreign bodies, they tend 
to cause infections or when they come in contact with tissues in the body, the cells of the tissues 
undergo fatty degeneration. Copolymers of lactic acid with e-caprolactone are degradable in the 



body and after use in the body, are gradually degraded. But it takes a long time, almost 2 years, 
until fully degraded and absorbed. For this reason, it again remains in the body for awhile as a 
foreign body. During the degradation process, it can induce inflammation in the tissue and 
sometimes forms granulomas. Because these copolymers use (L)-form lactic acid as a monomer, 
the lactic acid sometimes crystallizes in the copolymer and induces inflammation. Furthermore, 
neither EPTFE nor lactic acid - 8-caprolactone copolymers have regeneration-promoting effects. 
Methods that use autologous fascia lata are significant burdens on both patient and physician. 

The above EPTFE, polypropylene mesh (Marlex), dried human dura mater, 
glutaraldehyde (GA)-treated bovine pericardium have been used in the past for pericardial filler 
material. But EPTFE and dried human dura mater have the drawbacks described above. 
Polypropylene mesh causes strong adhesions to the heart. Because GA-treated bovine 
pericardium is not degraded and absorbed in the body and remains, it undergoes deterioration 
due to calcification. Complications of interstitial pneumonia due to immune reactions to bovine 
pericardium have been observed. 

To reduce leakage of air from surgical sites after lung surgery, polyglycolate nonwoven 
fabric or bovine pericardium is used as a pleural filler material or for autosuturing. But 
polyglycolate causes strong adhesions and because it is not transparent, it is difficult to use for 
autosuturing. Bovine pericardium has the drawbacks described above. 

For the above reasons, the development of collagen materials that have collagen as 
starting material without using synthetic polymer materials, have the property of suturing being 
possible while maintaining biochemical characteristics intrinsic to collagen, and that can 
maintain their shape for a certain period after use in the body, a method for their production and 
medical materials based on these, for example, peripheral neural sheaths, artificial spinal cord, 
artificial esophagus, artificial trachea, artificial blood vessels, artificial valves, artificial medical 
film substitutes such as dura mater substitute, artificial ligaments, artificial tendons, surgical 
suture thread, surgical filler material, surgical reinforcing material, wound protecting material, 
artificial skin, or artificial cornea has been desired. Among various medical materials, the 
development of materials for which there were no ethical issues and that could be supplied stably, 
and after use in the body, which prevented post-surgical adhesion of the surgical wound, there 
was no concern of infection, which did not cause tissue degeneration, the rate of degradation 
after use could be controlled and which had regeneration-promoting effects on physiological 
membranes, particularly, dura mater, pericardium, pleura, peritoneum or chorion and that could 
be used as medical film substitutes was also strongly desired in clinical settings. 

Presentation of the invention 

Upon diligent research to solve the above problems, the inventors discovered that 



collagen materials comprising laminates wherein ultra-fine fibrous nonwoven collagen fabric 
multi-layered structures were sandwiched between non-fibrillated collagen layers had 
particularly good characteristics as medical materials and had the property of suturing being 
possible, and completed this invention. That is, this invention pertains to collagen materials 
comprising laminates wherein ultra-fine fibrous nonwoven collagen fabric multi-layered 
structures are sandwiched between non-fibrillated collagen layers. This invention also pertains to 
a method for producing the above collagen materials characterized by the fact that the collagen 
solution layers are frozen; lyophilized to make ultra-fine fibrous collagen layers; compressed; 
processes of immersing in collagen solution / air-drying are repeated; and are then subjected to 
cross-linking treatment. This invention furthermore pertains to filamentous material containing 
collagen material comprising laminates wherein ultra-fine, fibrous nonwoven collagen fabric 
multi-layered structures are sandwiched between non-fibrillated collagen layers, and a method 
for producing the above filamentous material characterized by the fact that collagen filaments are 
obtained by wet spinning of collagen solution; the collagen filaments are frozen; lyophilized; the 
collagen filaments are compressed; processes of immersing in collagen solution / air-drying are 
repeated; and then the filaments are subjected to a cross-linking treatment. This invention 
moreover pertains to medical materials comprising collagen materials comprising laminates 
wherein ultra-fine, fibrous nonwoven collagen fabric multi-layered structures are sandwiched 
between non-fibrillated collagen layers, medical film substitutes comprising said medical 
materials, particularly medical film substitutes having cross-linked gelatin gel layers or 
hyaluronic acid layers on one or both sides. 

Brief description of the figures 

Figure 1 shows the structure of collagen materials of this invention. 

Figures 2 - 5 are electron micrographs showing the forms of various fibers of the 
collagen materials of this invention. 

Optimal form for implementing the invention 

Figure 1 is a diagram of the structure of collagen materials of this invention. In this 
collagen material, ultra-fine fiber 15 of about 5 nm diameter comprising several collagen 
molecules forms the basic unit and forms microfibers 14 of about 50 nm diameter. These in turn 
form fine fibers 13a and 13b of about 2 [im diameter. As shown in the figure, fine fibers 13a and 
13b are laid alternately as warp and weft threads to form fiber 12 of about 6 \im diameter. These 
are laid on each other in a coaxial direction to form disc-shaped fibers 1 1 of about 20 - 50 |Lim 
diameter. Then, these disc-shaped fibers 11 form ultra-fine fibrous nonwoven collagen fabric 
multi -layered structure 10. On the outside of this are non-fibrillated collagen layers 20a and 20b 
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wherein collagen molecules are dispersed as monomers - oligomers. Collagen molecules are also 
intercalated between the disc-shaped fibers of this nonwoven fabric multi-layered structure. 
Figure 2 is an electron micrograph of a cross-section of collagen material of this invention. 
Figure 3 shows fiber 12 formed by fine fibers 13a and 13b being laid alternately on each other. 
Figure 4 shows ultra-fine fibers 15 and fine fiber 14 that is formed with these as the basic units. 
Figure 5 shows ultra-fine fiber 15. 

For collagens to be used as starting materials for the collagen materials of this invention 
comprising laminates wherein ultra-fine fibrous nonwoven collagen fabric multi-layered 
structures are sandwiched between non-fibrillated collagen layers, various kinds of collagen that 
have been used in the past, preferably neutral solubilized collagens, acid-solubilized collagens, /8 
base-solubilized collagens, or enzyme-solubilized collagens can be used. Of these, 
enzyme-solubilized collagens are non-soluble collagens that have been treated with enzymes (for 
example, pepsin, trypsin, chymotrypsin, papain, pronase, etc.). Because telopeptide portions of 
strong antigenicity in the collagen molecules are removed and antigenicity is reduced by these 
treatments, they are particularly favorable. The origins of these collagens are not particularly 
limited. Generally, collagen Type I or mixed Type I and Type IE collagen obtained by extraction 
and purification from skin, bones, cartilage, tendons, or organs of animals such as cows, pigs, 
rabbits, sheep, kangaroos, or birds can be used. 

If the collagen materials of this invention having the ultra-fine fiber structure described 
above are compared with materials of the past comprising only non-fibrillated collagen of 
amorphous structure wherein collagen molecules are dispersed as monomers - oligomers that 
have been used for various medical materials, the former not only has excellent characteristics, 
especially excellent tear strength, compared to the latter while maintaining intrinsic effects of 
collagen on the body, but the absorption rate in the body has also been satisfactorily prolonged. 
Moreover, filamentous materials comprising the collagen materials of this invention are 
thread-shaped forms of the collagen material comprising laminates wherein ultra-fine fibrous 
nonwoven collagen fabric multi-layered structures have been sandwiched between 
non-fibrillated collagen layers. Medical materials comprising the collagen materials of this 
invention are those in which the collagen material comprising laminates wherein ultra-fine 
fibrous nonwoven collagen fabric multi-layered structures have been sandwiched between 
non-fibrillated collagen layers have been manufactured into various medical materials. For forms 
of medical materials, membranes, tubes, bags and lumps can be cited. Medical film substitute 19 
can be cited as a particular use of these medical materials. Medical film substitutes having a 
cross-linked gelatin gel layer or hyaluronic acid layer on one or both surfaces can be cited as 
particularly ideal. In this case, its thickness is preferably about 0.1-5 mm. 
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Due to the cell adhesion- and proliferation-inhibiting effects of gelatin, the gelatin gel 
layer that surfaces of the medical film substitutes of this invention can have acts as an 
adhesion-prevention layer for preventing extension of cells from surrounding body tissues at 
sites where prevention of adhesions is necessary. Hyaluronic acid improves the stability of 
collagen and has the ability to prevent adhesions. With the medical film substitutes of this 
invention, because the gelatin gel layer or hyaluronic acid layer must remain for about 3-4 
weeks without being degraded or absorbed after being applied in the body, this gelatin gel layer 
or hyaluronic acid layer is also cross-linked. 

To prepare the collagen materials of this invention that comprise laminates wherein 
ultra-fine fibrous nonwoven collagen fabric multi-layered structures are sandwiched between 
non-fibrillated collagen layers, a ca. 1 N hydrochloric acid solution (pH ca. 3) of extracted and 
purified collagens like the above (collagen concentration is preferably about 0.5 - 3 wt%, 
especially about 1 wt%) is prepared and collagen hydrochloride solution layers are formed in 
containers such as Petri dishes by the usual methods such as pouring so that the liquid layer has a 
desired uniform thickness. The thickness of the collagen hydrochloride solution layer is 
determined according to the use of the collagen materials of this invention. For example, when 
being used as medical film substitute for dura mater, preferably it is about 1 - 5 cm, especially 
about 1 - 3 cm. This is frozen preferably at about -10 ~ -196°C, especially about -20°C for at 
least about 6 hours, preferably about 6-48 hours, especially about 24 hours. By freezing, very /10 
fine ice forms between the collagen molecules that are dispersed in the hydrochloride solution, 
the collagen hydrochloride solution undergoes layer separation and the collagen molecules 
become microfibers by re-arrangement. If the freezing time is less than 6 hours, 
microfiberization of the collagen molecules is insufficient because the collagen hydrochloride 
solution does not freeze sufficiently and satisfactory properties are not obtained. Next, the above 
frozen collagen hydrochloride solution is lyophilized under vacuum preferably at about -40 
~ -80°C, especially about -80°C, preferably for about 24 - 48 hours, especially about 48 hours. 
By lyophilizing, the very fine ice between the collagen molecules is vaporized and with 
ultra-fine fibers of collagen molecules as the basic unit, the nonwoven collagen fabric made of 
the microfibers, fine fibers, fibers and disc-shaped fibers described above is obtained. 

Next, the nonwoven collagen fabric layer obtained above is compressed to a uniform 
thickness using a press. By compressing, the period that the collagen materials of this invention 
remain in the body is controlled. For example, when a 1 wt% collagen hydrochloride solution is 
used, compression is performed with compression ratio in the range of 30 - 60 at a pressure of, 
for example, 200 kg/cm 2 for 15 seconds. Next, the collagen layer after compression is immersed 
in a collagen hydrochloride solution and air-dried. This immersing / air-drying process is 
repeated 5-20 times. The collagen hydrochloride solution used here is a solution of 
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non-fibrillated collagen containing about 0.5 - 3 wt%, especially about 2 wt% of extracted, 
purified collagen in about 1 N hydrochloric acid in which the collagen molecules are dispersed 
as monomers - oligomers. By immersing the collagen layer after compression in this collagen 
solution, the collagen molecules dispersed in the collagen solution intercalate between the 
disc-shaped fibers of the nonwoven collagen fabric layer, thereby exhibiting an anchoring effect. 
In addition to conferring strength, stability to water is also increased. 5-20 times is appropriate 
for the repetitions of this immersing / air-drying process. Depending on the use of the collagen 
material of this invention, it can be set as desired within this range. Next, the collagen layer after 
immersing / air-drying is cross-linked to obtain the collagen material of this invention 
comprising laminates wherein ultra-fine fibrous nonwoven collagen fabric multi-layered 
structures are sandwiched between non-fibrillated collagen layers. By cross-linking, the medical 
material comprising collagen material of this invention is adjusted so that it remains for a desired 
period after application in the body. Performing heat dehydration cross-linking for which the 
degree of cross-linking is easy to control and the effect of the cross-linking agent on the body is 
not problematic is favorable. For heat dehydration cross-linking, the collagen layer after 
immersing / air-drying obtained above is heated under vacuum preferably at about 105 - 150°C, 
especially about 140°C and preferably for about 6-48 hours, especially about 24 hours. At less 
than about 105°C, satisfactory cross-linking reaction does not occur. If the temperature exceeds 
about 150°C, the collagen denatures. Next, if necessary, the collagen material of this invention 
obtained in the above process is sterilized by ethylene oxide gas treatment or ultraviolet ray or 
Y-ray irradiation. Collagen material of this invention manufactured as above has, in a dry state, a 
one-point support tension of at least 23 N, especially above 45 N and rupture resistance tension 
of at least about 170 N, especially above 230 N. In the wet state, it has a one-point support 
tension of at least 2 N, especially above 6 N and a rupture resistance tension of at least 12 N, 
especially above 23 N (in the case of a collagen material of 0.74 g/cm 3 specific gravity and 1 mm 
thickness). Because strength is superior to previous collagen materials, it can be manufactured 
into various kinds of medical materials and suturing is also possible. And when applied in the 
body, it can maintain its shape for about 3-8 weeks. It also retains the characteristics intrinsic to 
collagen as a medical material. 

The collagen materials of this invention can be used as surgical suture thread because 
they have excellent strength. Filamentous material comprising collagen materials of this 
invention can be manufactured in the following manner. A ca. 1 N hydrochloric acid solution 
(pH ca. 3) of extracted, purified collagen is prepared (collagen concentration is preferably about 
0.5 - 3 wt%, especially about 1 wt%). This is wet-spun by extruding from a nozzle with a pore of 
preferably about 50 - 300 \xm, especially about 100 iim into a solidifying bath. The collagen 
thread obtained is frozen and lyophilized under the same conditions as above and collagen thread 
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is formed. Next, this collagen thread is compressed under the same conditions as above. Then, it 
is immersed in collagen hydrochloride solution (about 2 wt%, about 1 N hydrochloric acid) / 
air-dried. This process is repeated 5-20 times. Next, by subjecting this to cross-linking under 
the same conditions as above, filamentous material comprising the collagen materials of this 
invention can be obtained. 

When manufacturing the collagen materials of this invention prepared as above into 
medical film substitutes that have a cross-linked gelatin gel layer or hyaluronic acid layer on one 
or both sides, in the case of gelatin gel layers, a gelatin gel layer is formed using an aqueous 
gelatin solution preferably of about 2-70 wt% and especially about 60 wt%. When using an 
aqueous gelatin solution of about 60 wt%, the gelatin gel layer is formed so that when wet, it is 
preferably about 0.1-5 mm, especially 1 mm and when dry, it is preferably about 0.06 - 3 mm, /13 
especially about 0.6 mm. The gelatin gel layer can be formed by any method such as coating or 
immersion. For example, an aqueous gelatin solution is poured into a container such as a Petri 
dish to have the necessary thickness. Collagen material of this invention obtained as above is 
placed on this and left and the gelatin is allowed to gel. When forming gelatin gel layers on both 
sides, the same procedure is performed for the other surface and gelatin gel layers are formed on 
both sides. 

Next, the collagen material on which gelatin gel layers have been formed on one or both 
sides obtained in this manner is subjected to the 2 nd cross-linking treatment. By performing 
cross-linking, the degradation and absorption rate for the gelatin gel layer is controlled. For 
cross-linking methods, heat dehydration cross-linking is preferable for the same reasons as 
described above. To make the gelatin gel layer persist for about 3-4 weeks after application in 
the body, the collagen material on which the above gelatin gel layer has been formed is subjected 
to heat dehydration cross-linking under vacuum preferably at about 105 - 150°C, especially 
about 140°C preferably for about 6-48 hours, especially about 24 hours. With less than about 
105°C, satisfactory cross-linking reaction does not occur. If the temperature exceeds about 
150°C, the collagen denatures. 

The cross-linked gelatin gel layer thus formed has the role of preventing the collagen 
portion of this medial film substitute from adhering to surrounding tissue until the respective 
physiological membrane is regenerated. During the ca. 3 - 4 weeks until physiological 
membrane extends and is regenerated from the edge of the membrane defect and closes the 
membrane defect, the gelatin gel layer remains without being degraded or absorbed. 

When forming a hyaluronic acid layer, using an aqueous sodium hyaluronate solution 
preferably of about 0.5 - 2.0 mg/mL, especially about 1.0 mg/mL, an aqueous sodium /14 
hyaluronate solution layer is formed on one or both sides of the collagen material of this 
invention obtained as above by methods such as coating or immersion and is made into a 
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hyaluronic acid layer by air-drying this aqueous solution layer. So that the hyaluronic acid layer 
can persist without being degraded or absorbed for the ca. 3 - 4 weeks until physiological 
membrane extends and is regenerated from the edge of the membrane defect to be repaired, and 
closes the membrane defect, the aqueous sodium hyaluronate solution layer is formed so that it 
has a thickness of preferably about 0.5 - 4.0 mm, especially about 2 mm when wet and 
preferably about 0.1 - 2.0 mm, especially about 1.0 mm when dry (in the case of a ca. 1.0 
mg/mL aqueous solution). To fix the hyaluronic acid on the surface of the collagen material and 
make a hyaluronic acid layer, the 2 nd cross-linking treatment is performed. In the case of 
hyaluronic acid, performing the cross-linking treatment with water-soluble carbodiimide (WSC) 
is preferable. In this case, it is preferable that WSC is mixed beforehand into the aqueous sodium 
hyaluronate solution and then applying on the collagen material along with the sodium 
hyaluronate, cross-linking the carboxyl groups of the collagen and the amino groups of the 
hyaluronic acid. The concentration of WSC to be included in the aqueous sodium hyaluronate 
solution is preferably about 5-20 mg/mL, especially about 8-15 mg/mL. This aqueous 
solution containing sodium hyaluronate and WSC is prepared, stirred thoroughly, coated on both 
or one surface of the collagen material so that the thickness is preferably about 1 mm and 
air-dried to form the hyaluronic acid layer. 

Because the collagen materials of this invention prepared as above have superior 
characteristics, especially superior tear strength, compared to previous extracted collagen 
materials, they can be manufactured into various medical materials alone without being 
laminated to synthetic polymer materials, etc. and can also be used for suture. The collagen 
materials of this invention also are not solubilized immediately when applied in the body but can 
maintain their shape for about 3-8 weeks. For these reasons, the collagen materials of this 
invention can also be used for various medical materials by manufacturing into forms such as 
membranes, tubes, bags or lumps according to use. For example, they can promote the recovery 
and regeneration of injured physiological tissues by being used for peripheral neural tubes, 
artificial spinal cord, artificial esophagus, artificial trachea, artificial blood vessels, artificial 
valves, artificial medical film substitutes such as dura mater substitute, artificial ligaments, 
artificial tendons, surgical suture thread, surgical filler material, surgical reinforcing material, 
wound protecting material, artificial skin or artificial cornea. Or, they can be used for 
compression hemostasis material or three dimensional media in cell culture. 

By filling in membrane defects after various kinds of surgeries, the medical film 
substitutes comprising medical materials of this invention obtained as above can be used for 
preventing adhesions of the membrane defect with organs and surrounding tissues. With the 
medical film substitutes of this invention, medical film substitutes with a gelatin gel layer or 
hyaluronic acid layer formed on one or both sides are used so that the cross-linked gelatin gel 



11 



layer or hyaluronic acid layer faces the side in contact with surrounding tissue where adhesion 
must be prevented. When using this medical film substitute as a pericardial membrane substitute, 
membrane substitutes with gelatin gel layer or hyaluronic acid layers formed on both sides are 
used. When using it as a pleural, peritoneal or chorionic membrane substitute, membrane 
substitutes with a gelatin layer or hyaluronic acid layer formed on one side is used so that the 
gelatin gel layer or hyaluronic acid layer faces the side in contact with the surrounding tissue. 
When using it as a membrane substitute for dura mater, both membrane substitutes with a gelatin 
gel layer or hyaluronic acid layer formed on one or both sides can be used. When using a 
membrane substitute with a gelatin gel layer or hyaluronic acid layer formed on one side, it is 
used so that the gelatin gel layer or hyaluronic acid layer faces the side in contact with the 
cerebral parenchyma. In addition to be above uses, it can also be used as a reinforcing material in 
suturing blood vessels, digestive tract, trachea, urinary tract, bladder, mucosa or periodontal 
membrane. 

As the filler material for defects in physiological membranes mentioned above, the 
medical film substitutes of this invention can be used as membrane substitutes for dura mater, 
pericardium, pleura, peritoneum or chorion. If this membrane substitute is applied on a surgical 
wound, persisting physiological membrane such as dura mater, pericardium, pleura, peritoneum 
or chorion surrounding the surgical wound extends from the point of contact with this membrane 
substitute with the collagen portion of this membrane substitute as the site of regeneration. 
Meanwhile, adhesions are prevented at places where the body tissue is in contact with the gelatin 
gel layer or hyaluronic acid layer because infiltration / expansion of cells is prevented. 
Ultimately, the defect is closed with regenerated physiological membrane and this membrane 
substitute is degraded and absorbed by the body and completely disappears. 

As described above, the collagen materials and medical materials comprising the collagen 
materials of this invention, especially medical film substitutes have superior tear strength to 
previous collagen materials and medical materials comprising these. When this medical material 
is used, for example, for an artificial bladder, more strength is sometimes required. For this 
reason, when necessary, the collagen materials and medical materials comprising the collagen 
materials of this invention can have a sheet of mesh-like intermediate material comprising 
physiologically degradable and absorbable material inside. For physiologically degradable and 
absorbable materials, polyglycolate, polylactate, copolymers of glycolic acid and lactic acid, 
polydioxanone, copolymers of glycolic acid and trimethylene carbonate, and mixtures of 
polyglycolate and polylactate can be cited. Sheets of mesh-like intermediate material comprising 
these materials are in the form of, for example, mesh sheets, woven fabric, nonwoven fabric or 
sheets with punched holes of, for example, about 50 - 2,000 \im pore size and their thickness is 
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about 100 - 2,000 \im. The pore size and thickness of the mesh-like intermediate material can be 
varied as appropriate according to the use. 

To manufacture such collagen material having a sheet of mesh-like intermediate material 
comprising physiologically degradable and absorbable material inside, when forming the 
ultra-fine fibrous nonwoven collagen fabric multi-layered structure, the collagen hydrochloride 
solution layer is subjected to subsequent processes such as freezing and lyophilizing with the 
sheet of mesh-like intermediate material mentioned above immersed in the hydrochloric acid 
solution of collagen. 

This invention is explained with the application examples below. 

A pplication Example 1 

Using collagen derived from pig skin, a 1 N hydrochloric acid solution of 1 wt% collagen 
was prepared and poured into Petri dishes to give collagen solution layers of 6, 12 and 18 mm 
thickness, respectively. These were frozen for 24 hours at -20°C. Next, they were lyophilized for 
24 hours at -80°C. Then, using a press, they were heat-compressed at a pressure of 200 kg/cm 2 
at room temperature for 15 seconds and were made into layers of about 0.2, 0.3 and 0.5 mm, 
respectively. A 1 N aqueous hydrochloric acid solution of 2 wt% collagen having the same 
collagen as above as starting material was prepared and the compressed collagen layers obtained 
above were immersed in the collagen solution and air-dried. This immersion / air-drying process 
was repeated 5 times or 10 times. Then, under vacuum, they were subjected to heat cross-linking 
treatment for 24 hours at 140°C to obtain collagen materials of this invention. 

For the collagen materials of this invention prepared as above, one-point support tension 
and rupture resistance tension were measured in the dry state and wet state by the methods 
described below. 

Strip-shaped test pieces of 15 x 40 mm size were made. Using the following methods, a 
uniform tension was applied at the B of ISO rate (5 mm/min) in the longitudinal direction of the 
test piece using a digital push-pull gauge (CPU gauge made by Aikoh Engineering) at a 25°C 
50% humidity constant temperature, constant humidity chamber and the maximum tension until 
failure was measured for both the dry state and the wet state (hydrated for 1 minute in 37°C 
physiological saline or hydrated for 24 hours in room temperature physiological saline). 
L One-point support tension 

A site 5 mm to the inside of the center of one end of the test piece was sutured and fixed 
with thread (4-0 Prolene or 2 Dexon). The other end was clamped uniformly with a clip and 
tension was applied. 
2. Rupture resistance tension 

Both ends of the test piece were clamped uniformly with clips and tension was applied. 
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The results are given below. 
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Thickness of collagen hydrochloride solution layer (before lyophilization) 
Compression rate 
Dry state 

One-point support tension 
Rupture resistance tension 
Wet state 

One-point support tension 
Rupture resistance tension 
Immersion / air-drying 5 times 
Immersion / air drying 10 times 
(Units: N) 



The above results show that the collagen materials of this invention have superior 
characteristics that can tolerate suturing. 

Possibilities for industrial utilization 

Because the collagen materials of this invention comprising laminates wherein ultra-fine 
fibrous nonwoven collagen fabric multi-layered structures have been sandwiched between 
non-fibrillated collagen layers have the property of suturing being possible while maintaining 
biochemical characteristics intrinsic to collagen, they can be used widely for various kinds of 
medical treatment materials. Medical film substitutes of this invention also do not have ethical 
issues, can be supplied stably and can be sutured to surgical wounds as material for filling 
defects in physiological membranes or as material for preventing adhesions. After suturing, they 
remain until the physiological membrane is regenerated and exhibit adhesion-preventing effects. 
Meanwhile, because they are gradually degraded and absorbed, they do not cause inflammation 
by persisting in body tissues for long periods and can be used safely. 
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Claims 

1. Collagen materials comprising laminates wherein ultra-fine fibrous nonwoven collagen 
fabric multi-layered structures have been sandwiched between non-fibrillated collagen layers. 

2. Collagen materials described as in Claim 1 wherein the ultra-fine fibrous nonwoven 
collage fabric multi-layered structure is formed from disc-shaped collagen fibers. 

3. Collagen materials described as in Claim 1 or 2 that have sheets of mesh-like 
intermediate material comprising physiologically degradable and absorbable material inside. 

4. Method for producing the collagen materials described as in Claim 1 characterized by 
the fact that a collagen solution layer is frozen; and lyophilized to make an ultra-fine fibrillated 
collagen layer; is compressed; processes of immersion in a collagen solution / air-drying are 
repeated; and it is subjected to cross-linking treatment. 

5. Method described as in Claim 4 wherein the cross-linking treatment is heat 
cross-linking. 

6. Filamentous materials containing collagen materials comprising laminates wherein 
ultra-fine fibrous nonwoven collagen fabric multi-layered structures have been sandwiched 
between non-fibrillated collagen layers. 

7. Method for producing the filamentous materials described as in Claim 6 characterized 
by the fact that a collagen solution is wet-spun to obtain collagen thread; the collagen thread is 
frozen; and lyophilized; the collagen thread is compressed; processes of immersion in a collagen 
solution / air-drying are repeated; and it is subjected to cross-linking treatment. 

8. Medical materials containing collagen materials comprising laminates wherein 
ultra-fine fibrous nonwoven collagen fabric multi-layered structures have been sandwiched 
between non-fibrillated collagen layers. 

9. Medical materials described as in Claim 8 that have sheets of mesh-like intermediate 
material comprising physiologically degradable and absorbable material inside. 

10. Medical film substitutes comprising medical materials described as in Claim 8 or 9. 

11. Medical film substitutes described as in Claim 10 that have a cross-linked gelatin gel 
layer or hyaluronic acid layer on one or both sides. 

12. Collagen materials described as in Claim 1 that have a one-point support tension of at 
least 23 N and a rupture resistance tension of at least 170 N in the dry state and a one-point 
support tension of at least 2 N and a rupture resistance tension of at least 12 N in the wet state 
(when thickness is 1mm). 
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Figure 1 
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Figure 2 
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Figure 3 




Figure 4 
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Figure 5 



